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frequency and an angle of attack changing frequency, the
actuator driving frequency being a frequency of an applied
voltage applied to the plasma actuator, the angle of attack
changing frequency being a frequency at which an angle of

(30) Foreign Application Priority Data
Apr. 2,2019  (JP) ceveiieeeiineerceee 2019-070570
(51) Imt.CL
B64C 23/00 (2006.01)
B64C 23/04 (2006.01)
B64C 27/04 (2006.01)

ACQUIRE CHANGE PROPERTY OF LIFT COEFFICIENT
FOR EACH FREQUENCY RATHY

|

CALCULATE DETERMINATION REFERENCE
VALUE FOR EACH FREQUENCY RATIO

|

! CALCULATE EVALUATION VALUE FOR EACH FREGUENCY RATIO !

L

DETERMINE CHARACTERISTIC FREQUENCY RATIO BASED ON
EVALUATION VALUE CALCULATED FOR EACH FREQUENCY RATIO

l

SET ACTUATOR DRIVING FREQUENCY SUCH THAT FREQUENCY
RATIO BECOMES CHARACTERISTIC FREGQUENCY RATIC

l

l DRIVE ACTUATOR AT SET ACTUATOR DRIVING FREQUENCY i

attack of the blade changes in accordance with a rotation
(Continued)



US 11,718,388 B2
Page 2

angle of the blade; setting the actuator driving frequency
such that the frequency ratio becomes the characteristic
frequency ratio; and applying a voltage of the set actuator
driving frequency to the plasma actuator to control the flow
around the blade.
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1
FLOW CONTROL METHOD AND ROTARY
WING UNIT

CROSS-REFERENCE TO RELATED
APPLICATION

This is a Continuation of application Ser. No. 17/601,396
filed Oct. 4, 2021, which claims priority to PCT/JP2020/
015207 filed Apr. 2, 2020, and JP 2019-070570 filed Apr. 2,
2019, both of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present disclosure relates to a flow control method
and a rotary wing unit, particularly to a method and a rotary
wing unit each of which controls flow around a blade of a
rotary wing and is capable of easily setting driving of a
plasma actuator.

2. Description of the Related Art

Helicopters, wind power generation facilities, and the like
may include cyclic pitch mechanisms. The cyclic pitch
mechanism is a mechanism that periodically changes a pitch
angle of a blade constituting a rotary wing. For example,
when the blade is at such an angular position that lift is
hardly obtained, the cyclic pitch mechanism increases the
pitch angle of the blade to increase a lift coefficient. How-
ever, when the pitch angle of the blade increases, air current
flowing along the surface of the blade may separate from the
blade, and the blade may stall. The stall of the blade is
permitted to some extent. However, when an area or a period
of time in which the stall occurs increases, the effect
obtained by the cyclic pitch mechanism cannot be
adequately achieved.

In recent years, as a device that suppresses the stall of the
blade, a plasma actuator is gathering attention. The plasma
actuator is a device that generates plasma by applying to an
electrode pair a voltage that changes with time. When the
plasma is generated in the vicinity of a front edge of the
blade by the plasma actuator, air flow is induced or shock
waves are generated in the vicinity of the front edge of the
blade. By disturbance generated by the flow or the shock
waves or spatial/temporal changes in a flow field, the
separation of the air current from the blade is suppressed,
and the stall of the blade is suppressed. Typically, a changing
voltage is intermittently and periodically applied to the
electrode pair. Moreover, it is said that: it is desirable that a
frequency at which the changing voltage is intermittently
applied to the electrode pair, i.e., a frequency (hereinafter
referred to as an “actuator driving frequency”) at which the
plasma actuator is driven be set in accordance with, for
example, a relative speed of air relative to the blade; and by
setting the actuator driving frequency as above, the stall is
effectively suppressed (see Published Japanese Translation
of PCT Application No. 2009-511360 and Japanese Laid-
Open Patent Application Publication No. 2015-161269, for
example).

SUMMARY OF THE INVENTION

A flow control method according to one aspect of the
present disclosure is a flow control method of controlling
flow around a blade of a rotary wing, a plasma actuator being
disposed at the blade. The flow control method includes:
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determining a characteristic frequency ratio that is a char-
acteristic value among frequency ratios, each of the fre-
quency ratios being a ratio between an actuator driving
frequency and an angle of attack changing frequency, the
actuator driving frequency being a frequency of an applied
voltage applied to the plasma actuator, the angle of attack
changing frequency being a frequency at which an angle of
attack of the blade changes in accordance with a rotation
angle of the blade; setting the actuator driving frequency
such that the frequency ratio becomes the characteristic
frequency ratio; and applying a voltage of the set actuator
driving frequency to the plasma actuator to control the flow
around the blade.

A rotary wing unit according to another aspect of the
present disclosure includes: a rotary wing including a blade;
a cyclic pitch controller that periodically changes an angle of
attack of the blade at a predetermined angle of attack
changing frequency in accordance with a rotation angle of
the blade; and a plasma actuator disposed at the blade. A
voltage of an actuator driving frequency is applied to the
plasma actuator, the actuator driving frequency being a
frequency of an applied voltage applied to the plasma
actuator, the actuator driving frequency being set such that
a frequency ratio that is a ratio between the actuator driving
frequency and the angle of attack changing frequency
becomes a characteristic frequency ratio that is a character-
istic value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a helicopter equipped with a
rotary wing unit.

FIG. 2 is a diagram showing one example of a change
property of a pitch angle of a blade and one example of a
change property of a lift coefficient of the blade.

FIG. 3 is a diagram showing a schematic configuration of
a plasma actuator.

FIG. 4 is a diagram showing one example of a change
property of the pitch angle of the blade and one example of
a change property of an applied voltage of the plasma
actuator.

FIG. 5 is a flow chart of a method of setting an actuator
driving frequency of the plasma actuator.

FIG. 6 is a diagram showing one example of a change
property of the lift coefficient when the plasma actuator is
operated and one example of a change property of the lift
coeflicient when the plasma actuator is not operated.

FIG. 7 is a diagram showing a relation of an evaluation
value with a frequency ratio.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment will be described with refer-
ence to the drawings.

Rotary Wing Unit

FIG. 1 is a plan view of a helicopter 101 equipped with
a rotary wing unit 100. The rotary wing unit 100 according
to the embodiment is mounted on the helicopter 101. Instead
of the helicopter, the rotary wing unit 100 may be disposed
at other facilities, such as wind power generation facilities.
In the embodiment, a left direction on the paper surface of
FIG. 1 corresponds to a front direction of the helicopter 101,
i.e., a proceeding direction of the helicopter 101. The rotary
wing unit 100 includes a rotary wing 10 including blades 11.
The rotary wing 10 rotates counterclockwise in plan view.
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The above blades 11 are the same in configuration as each
other. Herein, the following will be described while focusing
on one of the blades 11. As shown in FIG. 1, a rotation angle
(hereinafter referred to as an “azimuth angle 1)) of the blade
11 when the blade 11 extends from a rotational center of the
rotary wing 10 toward a rear side of the helicopter 101 is
regarded as 0°. In this case, when the helicopter 101
proceeds, a relative speed of air relative to the blade 11
becomes the highest at the azimuth angle 1 of about 90°, and
the relative speed of the air relative to the blade 11 becomes
the lowest at the azimuth angle { of about 270°. Therefore,
if a pitch angle of the blade 11 does not change, lift becomes
large at a right side in the proceeding direction of the rotary
wing 10, and the lift becomes small at a left side in the
proceeding direction. Thus, force applied to the rotary wing
10 is unbalanced. In FIG. 1, the sizes of thick arrows
schematically indicate the magnitudes of the relative speeds
of the air relative to the blade 11 at the azimuth angles { of
90° and 270°.

Therefore, the rotary wing unit 100 according to the
embodiment includes a cyclic pitch mechanism (cyclic pitch
controller). The cyclic pitch mechanism uses, for example,
a mechanical link to change the pitch angle of each blade 11
in accordance with the azimuth angle 1. FIG. 2 is a diagram
showing one example of the pitch angle (angle of attack) of
the blade 11 with respect to the azimuth angle 1 and one
example of the lift coefficient with respect to the azimuth
angle 1. In FIG. 2, a broken line indicates a change property
of the pitch angle, and a solid line indicates a change
property of the lift coefficient. The change property of the
pitch angle and the change property of the lift coefficient in
FIG. 2 are merely examples and do not necessarily coincide
with actual change properties. As shown by the broken line
in FIG. 2, the pitch angle is controlled so as to become the
largest at the azimuth angle { of 270° at which the relative
speed of the air becomes the lowest. Moreover, the pitch
angle is controlled so as to become the smallest at the
azimuth angle 1) of 90° at which the relative speed of the air
becomes the highest.

By controlling the pitch angle of the blade 11 as above, as
shown by the solid line in FIG. 2, the lift coefficient becomes
large at the azimuth angle 1 of about 270°, and the lift
coeflicient becomes small at the azimuth angle } of about
90°. As a result, the lift improves in an area (azimuth angle
1y of about 270°) where the relative speed of the air relative
to the blade 11 is low. However, as shown by the solid line
in FIG. 2, the lift coefficient drastically decreases after the
azimuth angle  of about 270°. This indicates that since the
pitch angle of the blade 11 increases, air current flowing
along the surface of the blade 11 separates from the blade 11,
and the stall of the blade 11 occurs. When the decrease in the
lift coefficient due to the stall is large, it takes time to recover
the lift coefficient.

Therefore, the rotary wing unit 100 according to the
embodiment includes a plasma actuator 30 that suppresses
the stall of the blade 11 or improves the recovery of the lift
of the blade. FIG. 3 is a diagram showing a schematic
configuration of the plasma actuator 30. A direction vertical
to the paper surface of FIG. 3 corresponds to a span direction
(a rotor radial direction or a rotor extending direction) of the
blade 11. As shown in FIG. 3, the plasma actuator 30
includes an electrode pair 31 and a power supply 32. The
electrode pair 31 is disposed over a substantially entire
region of a front edge of the blade 11. The power supply 32
applies a voltage to the electrode pair 31 at a predetermined
frequency to drive the plasma actuator 30. The electrode pair
31 may be disposed only at part of the front edge of the blade
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11 instead of the entire region of the front edge of the blade
11. The electrode pair 31 does not have to be disposed at the
front edge of the blade 11 in the strict sense and may be
disposed in a predetermined range including the front edge
of the blade 11, i.e., in the vicinity of the front edge.

The electrode pair 31 includes a ground electrode 34 and
an exposed electrode 35. The ground electrode 34 is located
at the blade 11 and covered with a dielectric 33. The exposed
electrode 35 is located outside the dielectric 33. The power
supply 32 applies to the electrode pair 31 a voltage that
periodically changes. With this, gas between the electrodes
becomes plasma (is ionized). To be specific, the plasma is
generated. Since plasma particles have electric charge, the
plasma particles accelerate by the influence of an electric
field and collide with particles around the plasma particles.
Thus, flow is induced, or shock waves are generated. By
disturbance generated by the flow or the shock waves, the
stall of the blade 11 is suppressed. The positions of the
ground electrode 34 and the exposed electrode 35 may be
reversed. To be specific, the exposed electrode 35 may serve
as the ground electrode.

FIG. 4 is a diagram showing one example of the change
property of the pitch angle of the blade 11 and one example
of the change property of a voltage (hereinafter referred to
as an “applied voltage™) applied from the power supply 32
of the plasma actuator 30 to the electrode pair 31. In FIG. 4,
a horizontal axis indicates a time (time/T; T denotes a cycle
of a blade pitching oscillation), and a vertical axis indicates
the pitch angle and the applied voltage. In FIG. 4, a broken
line indicates the change property of the pitch angle of the
blade 11, and a solid line indicates the applied voltage. The
length of the horizontal axis of the graph shown in FIG. 4
corresponds to the length of one cycle of the pitching
oscillation of the blade 11.

As shown in FIG. 4, the plasma actuator 30 is a nano-
second pulse driven dielectric barrier discharge plasma
actuator (NSDBDPA) in which the waveform of the applied
voltage is a pulse wave. The plasma actuator 30 intermit-
tently applies the pulse wave at the actuator driving fre-
quency. However, the plasma actuator 30 may be an alter-
native current dielectric barrier discharge plasma actuator
(ACDBDPA) in which the waveform of the applied voltage
is a sine curve. The ACDBDPA applies a sine waveform
changing voltage by an intermittent (burst) oscillation mode.
A burst frequency that is a frequency of the burst oscillation
mode corresponds to the actuator driving frequency herein.
The plasma actuator 30 applies the changing voltage of a
wavelength of a nanosecond order. In the embodiment, since
the stall hardly occurs at about 0.75 time/T (corresponding
to the azimuth angle y 7 of 90°), the voltage is not applied.

Method of Setting Plasma Actuator

Next, a method of setting the plasma actuator 30 will be
described. Specifically, a method of setting the frequency
(actuator driving frequency) of the applied voltage will be
described. FIG. 5 is a flow chart of the method of setting the
actuator driving frequency. As shown in FIG. 5, first, the
change property of the lift coefficient of the blade 11 is
acquired for each frequency ratio. In the embodiment, the
change property of the lift coefficient when the plasma
actuator 30 is driven and the change property of the lift
coeflicient when the plasma actuator 30 is not driven are
acquired for each frequency ratio. The change property of
the lift coefficient may be acquired by experiments or
simulation. Moreover, when acquiring the change property
of'the lift coeflicient by experiments, the change property of
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the lift coefficient may be acquired based on an average
value of values obtained by the experiments performed
plural times.

Herein, the “frequency ratio” denotes a ratio (fz,/T,,,.,) of
an actuator driving frequency (fp,) to a pitch changing
frequency (1) In other words, the frequency ratio is a
ratio between the actuator driving frequency that is the
frequency of the applied voltage applied to the electrode pair
31 of the plasma actuator 30 and an angle of attack changing
frequency at which the angle of attack changes in accor-
dance with the rotation angle of the blade 11. The “pitch
changing frequency (angle of attack changing frequency)” is
defined as the number of changes of the pitch angle per unit
time, and the “actuator driving frequency” is defined as the
number of changes of the applied voltage per unit time. As
described above, in the embodiment, the change property of
the lift coefficient is acquired for each frequency ratio.
However, the frequency ratio may be changed by changing
the actuator driving frequency. Or, the frequency ratio may
be changed by changing the pitch changing frequency. In the
embodiment, when acquiring the change property of the lift
coefficient, the pitch changing frequency used is the same
between when the plasma actuator 30 is driven and when the
plasma actuator 30 is not driven, and is the same value in an
entire frequency ratio range. However, a different value may
be suitably used.

FIG. 6 is a diagram showing one example of the change
property of the lift coefficient of the blade 11 at a certain
frequency ratio. The change property of the lift coefficient as
shown in FIG. 6 is acquired for each frequency ratio. The
frequency ratio range in which the change of the lift coef-
ficient is acquired will be described later. In FIG. 6, a
horizontal axis indicates a time (time/T), and a vertical axis
indicates the lift coefficient. In FIG. 6, a broken line indi-
cates the change property when the plasma actuator 30 is not
operated, and a solid line indicates the change property when
the plasma actuator 30 is operated. The length of the
horizontal axis of the graph shown in FIG. 6 corresponds to
the length of one cycle of the pitching oscillation of the
blade 11. Herein, since the angle of attack of the blade 11
changes in accordance with the change of the pitch angle,
one cycle of the pitching oscillation of the blade 11 corre-
sponds to one cycle of the change of the angle of attack.

Next, as shown in FIG. 5, a determination reference value
is calculated for each frequency ratio based on the change
property of the lift coefficient acquired in advance. Specifi-
cally, a first determination reference value gl, a second
determination reference value g2, and a third determination
reference value g3 are calculated. The determination refer-
ence values are as below.

The first determination reference value gl is a value
regarding an integrated value of the lift coefficient per one
cycle of the change of the angle of attack. More specifically,
the first determination reference value gl is a value obtained
by dividing an integrated value of the lift coefficient per one
cycle of the change of the angle of attack when the plasma
actuator 30 is driven (hereinafter, this state is shown as a
subscript “PA-ON™) by an integrated value of the lift coef-
ficient per one cycle of the change of the angle of attack
when the plasma actuator 30 is not driven (hereinafter, this
state is shown as a subscript “PA-OFF”). When “C1” denotes
the lift coefficient, and “t bar” (i.e., a symbol that is t to
which an over line is attached) denotes a time that is made
dimensionless by the cycle of the change of the angle of
attack, the first determination reference value gl is calcu-
lated by Formula 1 below. When the first determination
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reference value gl is large, it means that the lift coefficients
become large as a whole when the plasma actuator 30 is
driven, which is preferable.

Formula 1

®

1
(f Cl *d?]
0 PA—ON

gl= —
(j(‘)l Clx d[)PA—OFF

The second determination reference value g2 is a value
regarding a maximum value of the lift coefficient in one
cycle of the change of the angle of attack. More specifically,
the second determination reference value g2 is a value
obtained by dividing a maximum value (Cl,,,, in FIG. 6) of
the lift coefficient when the plasma actuator 30 is driven by
a maximum value of the lift coefficient when the plasma
actuator 30 is not driven. When Cl,,,,, denotes the maximum
value of the lift coefficient, the second determination refer-
ence value g2 is calculated by Formula 2 below. When the
second determination reference value g2 is large, it means
that the maximum value of the lift coefficient when the
plasma actuator 30 is driven becomes large, which is pref-
erable.

Formula 2

@

2= (Climax)pa—on

(Clmax)pa—orr

The third determination reference value g3 is a value
regarding a minimum value of the lift coefficient in a
predetermined period of time from a point of time at which
the lift coeflicient becomes the largest in one cycle of the
change of the angle of attack. To be specific, the third
determination reference value g3 is a value regarding the lift
coeflicient that has been decreased by the stall. Specifically,
the third determination reference value g3 is a value
obtained by dividing a minimum value (Cl,,; in FIG. 6) of
the lift coefficient in a predetermined period of time (in the
embodiment, a & cycle) from a point of time at which the
lift coefficient is the largest when the plasma actuator 30 is
driven, by a minimum value of the lift coefficient in a
predetermined period of time from a point of time at which
the lift coefficient is the largest when the plasma actuator 30
is not driven.

When Cl,,,,, denotes a minimum value of the lift coeffi-
cient in a predetermined period of time from a point of time
at which the lift coeflicient is the largest, the third determi-
nation reference value g3 is calculated by Formula 3 below.
When the third determination reference value g3 is large, it
means that the minimum value of the lift coefficient after the
stall when the plasma actuator 30 is driven is large, i.e., the
amount of decrease of the lift coefficient after the stall is
small, which is preferable. In the embodiment, the above
“predetermined period of time from a point of time at which
the lift coefficient is the largest” is a % cycle. However, the
above period of time is not limited to this. The above period
of time may be set such that a minimum value of the lift
coeflicient that has been decreased by the stall is included.
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Formula 3

©)

&= (Clstan) pa—on
(Clxrall)PAfoFF

Next, as shown in FIG. 5, the evaluation value is calcu-
lated for each frequency ratio based on the first determina-
tion reference value gl, the second determination reference
value g2, and the third determination reference value g3. In
the embodiment, a value (product) obtained by multiplying
the first determination reference value gl, the second deter-
mination reference value g2, and the third determination
reference value g3 is an evaluation value g. However, the
evaluation value g may be a value (sum) obtained by adding
the first determination reference value gl, the second deter-
mination reference value g2, and the third determination
reference value g3 or may be a value obtained by using one
or two of the first determination reference value gl, the
second determination reference value g2, and the third
determination reference value g3. When using two or more
determination reference values, weighting may be per-
formed by, for example, multiplying each determination
reference value by a suitable coefficient.

Next, as shown in FIG. 5, a characteristic frequency ratio
is determined based on the evaluation value g calculated for
each frequency ratio. Specifically, a graph regarding the
frequency ratio and the evaluation value g as shown in FIG.
7 is created based on the evaluation values g obtained for the
respective frequency ratios, and the frequency ratio at which
the evaluation value g becomes the largest is set as the
characteristic frequency ratio. The frequency ratio at which
the evaluation value g becomes the largest may be obtained
by calculation without using the graph.

Herein, the frequency ratio range in which the change
property of the lift coeflicient is acquired is preferred to be
a range including the characteristic frequency ratio.
Although it depends on a wing section, the change property
of the lift coefficient is preferred to be acquired in a
frequency ratio range of, for example, 0 or more and 1,000
or less. When acquiring the change property of the lift
coeflicient, first, a pitch width of the frequency ratio is set to
about 50 to 100 in the above range, and the tendency of the
evaluation value is acquired. Then, the pitch width of the
frequency ratio is set to one to ten or smaller in a range in
the vicinity of the characteristic frequency at which the
evaluation value becomes the largest, and the change prop-
erty of the lift coefficient is acquired. The frequency ratio
range and the pitch width are merely examples and are not
limited to the above.

Next, as shown in FIG. 5, the actuator driving frequency
of the plasma actuator 30 is set such that the frequency ratio
becomes the characteristic frequency ratio that is a charac-
teristic value obtained based on the evaluation value.

Finally, as shown in FIG. 5, the voltage is applied to the
electrode pair 31 at the set actuator driving frequency to
drive the plasma actuator 30. With this, the flow around the
blade 11 is controlled, and the recovery of the lift of the
blade 11 is significantly improved.

As described above, in the embodiment, the characteristic
frequency ratio that is a characteristic value among the
frequency ratios is determined, and the actuator driving
frequency is set such that the frequency ratio becomes the
characteristic frequency ratio. To be specific, the actuator
driving frequency can be set regardless of the relative speed
of the air relative to the blade 11. Therefore, the actuator
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driving frequency does not have to be set for each installa-
tion position of the electrode pair 31. Moreover, the setting
of the actuator driving frequency does not have to be
changed in accordance with the speed and direction of the air
flowing toward the blade 11. On this account, according to
the flow control method of the embodiment, the actuator
driving frequency is easily set, and the recovery of the lift of
the blade 11 is significantly improved.

In addition, in the embodiment, the characteristic fre-
quency ratio is determined based on the evaluation value g
calculated from the change property of the lift coefficient of
the blade 11. Therefore, the actuator driving frequency is set
such that the blade 11 obtains an appropriate lift coefficient.
Moreover, the characteristic frequency ratio is uniformly
determined. Therefore, since the plasma actuator 30 is only
required to be driven at a specific frequency, a driving device
(power supply) can be reduced in size.

The disclosed technology is applicable to other appara-
tuses that suppress the stall of the blade. For example, the
disclosed technology is applicable to a method of setting an
air ejection frequency of an air ejection apparatus that
suppresses the stall of the blade by ejecting air from the
vicinity of the front edge of the blade at a predetermined air
ejection frequency. In this case, in the above embodiment,
the “actuator driving frequency” is only required to be read
as the “air ejection frequency.”

Moreover, the embodiment has explained a case where
the angle of attack of the blade 11 changes by the change of
the pitch angle of the blade 11. However, the same control
as above is applicable to a case where, for example, the
angle of attack of the blade 11 changes by the change of the
angle of the air current relative to the blade 11 in a state
where the pitch angle of the blade 11 is constant. In this case,
when a changing frequency of the angle of the air current
relative to the blade 11 is set as the “angle of attack changing
frequency,” a ratio of the actuator driving frequency to the
angle of attack changing frequency is the above-described
frequency ratio.

What is claimed is:

1. A flow control method of controlling flow around a
blade of a rotary wing, a plasma actuator being disposed at
the blade,

the flow control method comprising:

determining a characteristic frequency ratio that is a

characteristic value among frequency ratios, each of the
frequency ratios being a ratio between an actuator
driving frequency and an angle of attack changing
frequency, the actuator driving frequency being a fre-
quency of an applied voltage applied to the plasma
actuator, the angle of attack changing frequency being
a frequency at which an angle of attack of the blade
changes in accordance with a rotation angle of the
blade;

setting the actuator driving frequency such that the fre-

quency ratio becomes the characteristic frequency
ratio; and

applying a voltage of the set actuator driving frequency to

the plasma actuator to control the flow around the
blade.

2. The flow control method according to claim 1, further
comprising:

acquiring in advance a change property of a lift coefficient

for each frequency ratio, the lift coefficient changing in
accordance with the angle of attack of the blade; and
calculating an evaluation value regarding the lift coeffi-
cient for each frequency ratio based on the acquired
change property of the lift coefficient, wherein
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the characteristic frequency ratio is determined based on
the evaluation value.

3. The flow control method according to claim 2, wherein
the evaluation value is a value obtained by using at least one
of'a value regarding an integrated value of the lift coefficient,
a value regarding a maximum value of the lift coefficient, or
a value regarding a minimum value of the lift coeflicient
after stall of the blade.

4. The flow control method according to claim 2, wherein
the evaluation value is a value obtained by using at least one
of:

a first determination reference value that is a value
regarding a ratio between an integrated value of the lift
coeflicient per one cycle of change of the angle of
attack when the plasma actuator is driven and an
integrated value of the lift coefficient per one cycle of
the change of the angle of attack when the plasma
actuator is not driven;

a second determination reference value that is a value
regarding a ratio between a maximum value of the lift
coeflicient in one cycle of the change of the angle of
attack when the plasma actuator is driven and a maxi-
mum value of the lift coeflicient in one cycle of the
change of the angle of attack when the plasma actuator
is not driven; or

a third determination reference value that is a value
regarding a ratio between a minimum value of the lift
coeflicient in a predetermined period of time from a
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point of time at which the lift coefficient becomes
largest in one cycle of the change of the angle of attack
when the plasma actuator is driven and a minimum
value of the lift coefficient in a predetermined period of
time from a point of time at which the lift coefficient
becomes largest in one cycle of the change of the angle
of attack when the plasma actuator is not driven.

5. The flow control method according to claim 4, wherein
the evaluation value is calculated based on a product of the
first determination reference value, the second determination
reference value, and the third determination reference value.

6. A rotary wing unit comprising:

a rotary wing including a blade;

a cyclic pitch controller that periodically changes an angle

of attack of the blade at a predetermined angle of attack
changing frequency in accordance with a rotation angle
of the blade; and

a plasma actuator disposed at the blade, wherein
a voltage of an actuator driving frequency is applied to the

plasma actuator, the actuator driving frequency being a
frequency of an applied voltage applied to the plasma
actuator, the actuator driving frequency being set such
that a frequency ratio that is a ratio between the actuator
driving frequency and the angle of attack changing
frequency becomes a characteristic frequency ratio that
is a characteristic value.
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